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ABSTRACT 
Chemical composi.tion of groundwater samples ffom the southem part of the Great Hungárián Plain was 
determined. Cluster analysis based on major elements, and based on minor and trace elements resulted in similar 
separation of the study area. The units correspond to three hydrogeological regions: the River Körös basin, the River 
Maros alluvial fan and the River Danube deposits. Processes controlling both major and trace element 
concentrations are dissolution of carbonate minerals, ion exchange, oxidation-reduction, albite weathering and 
formation of secondary minerals. In the Körös basin water movements is restricted. In the River Maros alluvial fan 
the direction of water flow is from south-southeast to north-northwest, and in the River Danube deposits it is from 
west to east. 
INTRODUCTION 
In the Quaternary sediments of the Great Hungárián Plain there are two chemically 
distinct types of groundwater: Ca-Mg-HC03 type and Na-HC0 3 type. In the Ca-Mg-HC0 3 
type waters the concentration of totál dissolved solids is low while in the Na-HC0 3 type 
waters it is much higher. The processes controlling major and trace element concentrations in 
groundwater are dissolution and precipitation of carbonate minerals, feldspar weathering 
(PACES 1973, CHOU and WOLLAST 1984, BERNER 1981, MURPHY and HELGESON 1987), 
redox reactions and ion exchange (CHAPELLE and KNOBEL 1983, APPELO et al. 1989). 
Carbonate minerals are much more soluble in waters than silicates. Dynamic interfaces 
between aqueous solütions and carbonate minerals lead to reversible dissolution-precipitation 
reactions. Thermodynamic control of equilibrium can be applied to carbonates if they react 
rapidly on the time scale of a hydrological system. According to HOCHELLA (1990), during 
dissolution the near surface of calcite remains ordered. Sr, Ba and Mn are often built in 
carbonate minerals. Magnesium is partially replaces by Mn in dolomité, while Sr and Ba can 
substitute for Ca in the structure of calcite. As precipitation of dolomité ffom most natural 
waters does not control Mg concentration in ffesh water (HEM 1985), equilibrium can be 
reached only ffom undersaturation. According to STUMM and MORGAN (1981) calcite has a 
tendency to accommodate Mg2+ in its structure to form magnesian calcite. So precipitation of 
Ca and Mg as magnesian calcite may be a more likely process than dolomité precipitation. 
The surface of feldspar is covered by leached layer and secondary minerals (DAVIS and 
KENT 1990). The feldspar dissolution is an irreversible process. C 0 2 plays an important role 
both in carbonate and silicate dissolution reactions. The solubility of albite depends on the 
partial pressure of C0 2 . If albite dissolves under the influence of C 0 2 the resulting solution is 
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characterized by HC03", Na and H 4 Si0 4 (STUMM AND MORGAN 1981). Na concentration 
derived ffom the hydrolysis of albite increases with the relatíve surface area of albite 
(HELGESON 1971). The first process to occur when albite interacts with water is a rapid 
e x c h a n g e o f H + f o r N a + (HELLMANN et al . 1989 , HELGESON et al . 1 9 8 4 , ALTHAUS a n d 
TIRTADINATA 1989). This initial reaction of feldspar is accompanied by increasing pH 
(BUSENBERG and CLEMENCY 1976), and it proceeds even at neutral and slightly basic pH 
conditions (CASEY and BUNKER 1990). However feldspar weathering is an irreversible 
process (HELGESON 1971) the composition of the resulting solution is controlled by the 
equilibrium among highly disordered reaction products and the aqueous phase. In silicate 
minerals Mn replaces Fe and Mg, Sr substitutes for Ca and Ba, and K is often replaced by 
Ba. A possible diadochy can occur between Li and Al, Fe(ll) and especially Mg (WEDEPOHL 
et al. 1964, FAURE et al. 1967). In the groundwater the concentration of these metál ions are 
influenced by ion exchange processes on the cation-specific surface sites of calcite. Metál ion 
sorption depends on aqueous Ca concentration (DAVIS et al. 1987, COMANS and 
MLDDELBURG 1987 , WERSIN et al . 1989 , ZACHARA et al. 1991) . T h e c o n c e n t r a t i o n o f Li is 
primary controlled by incorporation into clay minerals (HEIER and ADAMS 1964, BLLLLNGS et 
al. 1964). The coprecipitation of Li with calcium carbonate can play an important role in the 
distribution of Li in groundwater (OKUMURA and K lTANl 1985) . Wheathering of silicate 
minerals can be considered as a main source of Si and Al. The solubility of silicate minerals 
is pH dependent. Alumínium is insoluble at neutral pH, it precipitates as gibbsit, or enters the 
clay minerals forming in the aqueous system (APPELO 1993). 
Manganese and iron oxyhydroxides of sediments have an importance in the distribution 
and mobility of trace elements. Trace elements associated with Mn and Fe oxyhydroxides are 
released during reductive dissolution of the oxides, while the oxidation of metál 
oxyhydroxides can remove trace elements ffom solution by adsorption or coprecipitation 
(BALLISTRIERI and MURRAY 1994). In the trace metál adsorption significant role is played 
alsó by calcite, clay minerals and organic matter (TESSIER et al. 1980, LLON et al. 1982, 
ZACHARA et al. 1991).Humic substances influence the complexation of trace elements with 
metál oxides, especially at low pH values (DAVIS and LECKIE 1978, LAXEN 1985). 
The aim of this work is to separate the aquifer systems in the Pleistocene sediments of the 
southern part of the Great Hungárián Plain on the basis of the major and trace chemical 
components in groundwater, and to establish the processes controlling the chemical features 
of groundwater in the different aquifers. 
LOCATION AND GEOLOGY 
The study area is located in the southern part of the Great Hungárián Plain (Fig. I.) which 
is the biggest sedimentary basin in Europe that is filled with Neogene and Quaternary 
sediments of great thickness. The geological evolution of the Pannonian Basin started in the 
Miocéné with the upliff of the Carpathian mountains and the subsidence of the enclosed 
area (RÓNAI 1985). Tectonic activity continued at different rates throughout the area; 
therefore, the thicknesses of the sediments are variable. The deepest part of the study area 
is the Makó-Hódmezővásárhely depression where the thickness of the sediments is more 
than 5000 m, of which 2000-3000 m are marine sediments, and 1000-2000 m are laké 
sediments which were deposited affér the outiét of the basin to the Mediterranean sea had 
closed. The hydrogeological features are controlled by structures active in the Tertiary and 
Quaternary periods. During the Pliocene 2000-3000 m thick marine sediments: 
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conglomerate, sandstone, mar! and clay, then 1000-2000 m thick laké sediments: sand, silt 
and clay were deposited. Going upwards the sedimentary sequence grades into variegated 
clay which represents the uppermost part of the Pliocene sedimentary series. 
Towards the end of Pliocene, the basin was uplifted. Fluvial sedimentation started in the 
inner part of the basin about 2.4 millión years ago, at the beginning of the Quaternary. Local 
scale tectonic events together with climatic differences determined the cyclic fluvial 
sedimentation during the Pleistocene. In the Early Pleistocene, 300-450 m of fluvial 
sediments were deposited in the deepest local sub-basins. The areas between local 
depressions sank as much as several tens of meters. These sediments generally consist of 
gravel, sand, silt and clay layers, 20-50 m in thickness. The number and the thickness of 
sand layers are greater than in the Middle and Upper Pleistocene. Cyclicity in grain size 
composition of the layers can be correlated with verticai Quaternary tectonic movements. The 
verticai movements produced a deep local depression in the northeastern part of the study 
area. This depression was filled up with fine grained material by the Rivers Körös and 
Berettyó: fine sand, silt and clay. These Quaternary strata are 500-550 m thick and form the 
lowest yielding artesian aquifer within the Southern Great Plain. In the western part of the 
area the River Danube deposited material during the Quaternary period. The Pleistocene 
formation consists of 50-70% highly permeable sand with silt and clay (ERDÉLYI 1976).). 
The potentiometric contours of the Pleistocene aquifers to the depth of between 200-
400 m determined by ERDÉLYI (1979) on the basis of water level elevation in drinking 
water wells before withdrawal, indicate that in the Pleistocene layers groundwater 
generally flows ffom west to east in the River Danube deposit, in the south-southwestern 
part of the study area, however no lateral water flow is supposed in the Körös basin 
(Fig.2 ). The multi-layer aquifer system of the Great Hungárián Plain consists of two flow-
regions. One of them is an intermediate flow-region in the upper part of the basin composed 
predominantly of loose clastic Quaternary sequences. The other one is in the deeper, thermal 
aquifer system. 
\ 
Fig. I. Location of the study area 
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Fig 2. The piezometric contours and water flow direetions by ERDÉLYI (1976) and the location o f the studied wells. 
METHODS 
In situ measurements and laboratory major, minor and trace element analyses were 
used to establish the geochemical evolution of groundwater in the studied aquifers. 
Groundwater sampies were obtained ffom municipal water supplies. Field determinations 
of pH and temperature were made. Groundwater sampies ffom water wells of different 
depths (40-600 m) were collected, cooled and analyzed within 24 hours. Conductivity, pH, 
hardness, alkalinity, Ca, Mg, Na, K, Fe, Mn, ammónium, chloride, and chemical oxygen 
demand (COD) were determined in 142 sampies, and in most of them (109 sampies) As, Zn, 
Ba, Sr, Li, Si, Al were alsó analysed. The analysis were performed at the Hungárián 
Geological Survey, Budapest, at the Horticulture University, Budapest and at the Institute of 
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Public Health, Szeged. Procedures for making determinations are summarized as follows: 
hardness, alkalinity, COD and chloride by titration; ammónium by spectrophotometry; Na, K, 
Ca, Mg, Fe, Mn, Zn, Ba, Sr, Li, Si, Al, and phosphate by ICP-AAS, and As by AAS-hydrid 
method. 22 core sampies of 61-468 m depth were subjected to XRD analysis using a DRON-
UM 1 X-ray difffactometer. X-ray studies had shown that sediments over the study area 
contain quartz, plagioclase, feldspar (mainly albite), calcite, dolomité, illite, chlorite and 
muscovite. 
Evaluation of the groundwater data was carried out by statistical methods - cluster 
analysis and principal component analysis (SPSS/PC+V4.0, 1990) - and afterwards 
thermodynamic calculations were made to establish the processes controlling the 
groundwater chemistry of the major elements (PARKHURST et al. 1990). Cluster analysis (LE 
MAITRE 1982) was used to divide the water sampies into groups. The separation of different 
aquifers may be obtained as a result of grouping sampies ffom the area. Ali variables were 
brought into the same rangé by scaling the values for each constituent. The similarity measure 
was the Euclidean distance, except trace elements where correlarion coefificients were used. 
The groups of highest similarity were connected by the unweighted pair group average 
method. This algorithm results in clusters containing sampies with close values of 
parameters. 
SEPARATION OF SAMPLES AND GEOCHEMISTRY OF THE MAJOR ELEMENTS 
The present study discusses the main and trace element distribution in water sampies 
collected from the Pleistocene layers, in the southeastern part of the Great Hungárián 
Plain. Location of wells, the piezometric contours and the direction of groundwater flow 
path are given in Fig.2. The major cations are Ca, Mg and Na, the major anions are 
dominated by HC03. On the basis of the ffequency distributions of the components it was 
established that groundwater quality is not uniform throughout the study area. Sampies 
represent more than one population. This possibly means that different processes play a role 
in determining the chemical composition of groundwater ffom different depths or locations. 
Separation of sampies based on the distribution of the main mono- and divalent cations 
was performed. Flow systems were characterized by cation exchange on clay piinerals. Ion 
exchange has fundamental importance in water-rock interactions. Along the flow path the 
distribution of the dissolved components may follow a chromatographic pattern because of 
the differences in retardation for the various cations. Along the flow path the concentration of 
Na increases while the concentration of divalent cations - Ca and Mg - decreases. There is a 
linear trend with a slope of -2 between the molar concentrations of mono- and divalent 
cations (VARSÁNYI and Ó. KOVÁCS, 1997). The molar concentration of Na against Ca + Mg 
is shown in Fig.3. Data appear to be scattered around two lines. It suggests that at least two 
ion exchange systems with different Na concentrations exist over the study area. To draw 
lines between water sampies belonging to the different flow systems in which ion exchange 
takes place cluster analysis was performed with three variables. Two of them are X and Y 
coordinates of the location of water wells. The third variable is the distance between each 
point in Fig.3. and a line with a slope of -2. These distances are similar for the sampies 
belonging to the same water flow system but they differ ffom those of the other water flow 
system with different ion concentration. However under natural conditions the effect of ion 
exchange prevails only statistically because factors other than ion exchange modify the 
concentration of mono- and divalent cations. These distances appear suitable variables to 
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separate water flow or aquifer systems (VARSÁNYI and Ó. KOVÁCS, 1994). Cluster analysis 
resulted in three main groups which are shown in FigAJa. By their location, the groups 
correspond to the geological regions established by RÓNAI (1985) i.e. Group A to the River 
Körös basin (black diamond), Group B to the alluvial fan of the River Maros (black square) 
and Group C to the River Danube deposits (open symbols) located in the region between the 
Rivers Danube and Tisza, and the southern section of the River Tisza valley. The average 
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Fig. 3. Relationship between the molar concentrations o f N a and the sum of Ca and Mg. 
In order to understand what reactions control the major element composition of 
groundwater in the three geological regions, PHREEQE (PARKHURST et al. 1990) was used 
to perform the simulation (VARSÁNYI AND Ó. KOVÁCS, 1994). On the basis of these 
simulations it has been established that originally in each group the system is open for C02 . 
In these systems calcite, dolomité and albite dissolve. In the River Körös basin the C0 2 
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T A B L E 1 
Mean values and standard deviations in the groups separated on the basis of major element. 
Water type Group A, River Körös Group B, River Maros Group C, River Danube 
C o m p o n e n t Unit Mean s.d. No . o f Mean s.d. N o o f Mean s.d. No . o f 
sample sample sample 
Electric conduct . u S / c m 1264 2 0 2 3 4 5 5 0 158 31 4 8 4 93 77 
PH 7 ,88 0,21 3 4 8 ,07 0 , 3 3 31 7,71 0 ,27 77 
Alkal inity mequ/1 14,4 1,9 34 6 1,8 31 6,1 1,2 77 
C a mmol/1 0,8 0 ,6 34 0 ,9 0 ,5 3.1 1,1 0 ,5 77 
M g mmol/1 0 ,5 0 ,3 3 4 0 ,4 0 , 2 31 0,7 0 ,3 77 
N a mmol/1 11,7 2 ,4 3 4 3 ,6 1,5 31 2 ,6 2 ,4 77 
K mmol/1 0 ,05 0 ,03 34 0 ,03 0 , 0 4 31 0 ,03 0,01 77 
A m m ó n i u m mmol/1 0 , 1 6 0 ,06 34 0 ,17 0 , 1 2 31 0 ,07 0 ,04 77 
Cl mmol/1 0 , 6 3 0 ,23 34 0,61 0 ,13 31 0 ,13 0 ,06 77 
C O D mg/l 9 , 9 6 ,9 3 4 5 ,2 3 ,6 31 2,1 1,5 77 
SI calc i te 0 ,64 0 , 2 6 34 0 ,53 0 ,18 31 0 ,26 0 ,2 77 
S ldo lomi te 1,12 0 ,48 34 0 ,64 0 , 3 8 31 0 ,34 0 ,43 77 
-J 
T A B L E 2 
Mean values and standard deviations in the groups separated on the basis of minor and trace elements. 
Water type Group 1. Group 2. Group 3. 
Component Unit Mean s.d. N o . o f Mean s.d. N o o f Mean s.d. No . o f 
sample sample sample 
A s mmol/1 0 , 0 0 0 0 9 0 ,00011 18 0 , 0 0 0 2 5 0 , 0 0 0 1 4 19 0 , 0 0 0 3 2 0 , 0 0 0 2 3 2 7 
Fe mmol/1 0 , 0 0 4 9 2 0 , 0 0 2 1 2 18 0 , 0 0 3 1 6 0 , 0 0 1 8 7 19 0 , 0 0 2 6 5 0 , 0 0 2 2 2 2 7 
Zn mmol/1 0 , 0 0 0 1 6 0 , 0 0 0 1 3 18 0 , 0 0 0 2 1 0 , 0 0 0 2 2 19 0 , 0 0 0 0 9 0 , 0 0 0 0 9 27 
M n mmol/1 0 , 0 0 0 7 9 0 , 0 0 0 1 7 18 0 , 0 0 0 8 5 0 , 0 0 0 7 0 19 0 , 0 0 0 6 3 0 , 0 0 0 7 5 27 
B a mmol/1 0 , 0 0 1 0 7 0 , 0 0 0 2 6 18 0 , 0 0 1 1 0 0 ,00023 19 0 , 0 0 0 5 3 0 , 0 0 0 2 7 2 7 
Li mmol/1 0 , 0 0 0 5 0 0 , 0 0 0 2 5 18 0 , 0 0 0 7 8 0 , 0 0 0 3 7 19 0 , 0 0 1 0 0 0 , 0 0 0 5 5 2 7 
Sr mmol/1 0 , 0 0 3 3 6 0 , 0 0 0 5 3 18 0 , 0 0 5 1 4 0 , 0 0 0 5 4 19 0 , 0 0 1 7 8 0 , 0 0 1 1 4 2 7 
Si mmol/1 0 , 4 6 0 0 6 0 , 0 3 7 7 8 18 0 , 3 8 1 6 3 0 , 0 2 9 9 6 19 0 , 3 1 9 6 4 0 , 0 3 3 4 7 2 7 
Al mmol/1 0 , 0 0 0 0 0 0 , 0 0 0 0 0 18 0 , 0 0 0 0 0 0 , 0 0 0 0 0 19 0 , 0 0 0 0 0 0 , 0 0 0 0 0 27 
Depth m 3 1 8 08.5 18 3 2 4 115 19 3 3 5 , 6 2 129,81 27 
Water type Group 4. Group 5. Group 6. 
C o m p o n e n t Unit Mean s.d. No. o f Mean s.d. N o o f Mean s.d. No . o f 
sample sample sample 
A s mmol/1 0 , 0 0 1 4 3 0 , 0 0 0 6 6 13 0 , 0 0 1 1 3 0 , 0 0 0 3 4 2 2 0 ,00081 0 , 0 0 0 4 0 10 
Fe mmol/1 0 , 0 1 7 8 0 0 , 0 0 7 4 5 13 0 , 0 0 2 8 0 0 , 0 0 1 8 6 2 2 0 , 0 0 8 0 4 0 , 0 0 5 5 0 10 
Zn mmol/1 0 , 0 0 0 2 6 0 , 0 0 0 2 6 13 0 , 0 0 0 1 3 0 ,00011 2 2 0 , 0 0 1 5 4 0 , 0 0 2 0 3 10 
M n mmol/1 0 , 0 0 2 3 1 0 ,00101 13 0 , 0 0 0 8 3 0 , 0 0 0 6 6 2 2 0 , 0 0 1 1 0 0 , 0 0 0 7 9 10 
B a mmol/1 0 , 0 0 1 0 7 0 , 0 0 0 2 4 13 0 , 0 0 0 7 6 0 ,00031 2 2 0 , 0 0 0 9 7 0 , 0 0 0 4 6 10 
Li mmol/1 0 , 0 0 1 1 2 0 , 0 0 0 9 7 13 0 , 0 0 1 8 5 0 , 0 0 1 5 8 2 2 0 , 0 0 2 6 7 0 , 0 0 1 9 6 10 
Sr mmol/1 0 , 0 0 4 3 1 0 , 0 0 1 6 6 13 0 , 0 0 2 0 3 0 , 0 0 0 9 7 2 2 0 , 0 0 2 2 3 0 , 0 0 1 4 5 10 
Si mmol/1 0 , 3 8 1 3 1 0 , 0 4 6 1 4 13 0 , 3 6 8 0 0 0 ,05413 2 2 0 , 3 8 1 8 0 0 ,08821 10 
Al mmol/1 0 , 0 0 0 0 0 0 , 0 0 0 0 0 13 0 , 0 0 0 0 0 0 , 0 0 0 0 0 2 2 0 , 0 0 2 5 8 0 , 0 0 2 0 0 10 
Depth m 153 ,15 86 ,93 13 363 ,91 2 0 4 , 7 2 2 2 4 5 3 , 6 5 4 1 0 , 2 9 10 
pressure remained fairly high (log pC02=-l,8) and due to this high C0 2 pressure a large 
quantity of albite dissolved. In the other two groups the C0 2 pressures were lower (log 
pC02=-2.0 and -2.3 respectively) and lower Na contents were produced. Due to the albite 
dissolution in the open system, water becomes oversaturated for both calcite and dolomité. 
The degrees of oversaturation are different in the three groups and they correspond to the Na 
contents of water. The equilibrium between water, calcite and dolomité seems to be reached 
only ffom undersaturation and not ffom oversaturation. In the River Körös basin and in the 
alluvial fan of the River Maros the C0 2 pressure decreases from the shallower to the deeper 
layers, the system becomes closed and albite dissolution proceeds. pH increases and there is 
not enough H' availabie for further albite dissolution. 
Over the region between the Rivers Danube and Tisza and in the southern section of the 
River Tisza valley (in the River Danube deposits) the system was initially open. Less albite 
dissolved in relation to the River Körös basin. The reason for the smaller Na concentration in 
this group may be the lower partial pressure of C02 , the shorter exposure of feldspar to the 
water in the open system and the lower ratio of the reactant mineral surface area to the 
volume of the aqueous phase. It was supposed that along a west-east flow path ion exchange 
is the main process, albite dissolution under the closed system conditions does not play an 
important role in controlling water quality. Within the study aquifer Na is exchanged to Ca 
and Mg on the clay minerals and equilibrium with calcite and dolomité is reached. 
The relationship between alkalinity, calcium, magnesium and sodium concentrations 
suggests three sub-types of water in the River Danube deposits. Along the W-E flow path 
significant changes in the concentrations of the main cations occur which may be 
summarized as follows: 
1. The sampies with the highest water hardness (calcium plus magnesium 
concentrations are up to 2.75 mmol/1) are situated in the western part of the study area 
(open circles in Fig.4./á). The variation in alkalinity is related mainly to calcite and 
dolomité dissolution. This is the recharge area (ERDÉLYI, 1979) and the beginning of the 
groundwater flow system. Dissolved sodium content is supposed to originate ffom 
irreversible feldspar weathering. Dissolution of carbonate minerals is an equilibrium 
process which is controlled by CC>2 partial pressure while sodium concentration depends 
on the reaction rate and time. 
2. From the chemical point of view this is a transitional zone between the beginning 
and the end of the flow path (open diamonds in Fig.4./á). The sum of calcium and 
magnesium concentrations changes between 0.5 and 2.5 mmol/1, and the sodium 
concentration between 5.5 and 0.3 mmol/1. The mirror image of mono and bivalent cations 
(Fig.3.) and the almost constant alkalinity show that ion exchange controls water 
chemistry along this part of the flow path. 
3. The water sampies having the lowest calcium and magnesium and the highest 
sodium concentrations are situated in the eastern part of the River Danube deposits, 
around Hódmezővásárhely (open squares in Fig. 4./a). Ca and Mg concentrations are 
constant, Na concentration is increasing with alkalinity. In this group of sampies the mean 
alkalinity is higher (7.7 meq/1) than it is in the sampies ffom the recharge area (5.9 meq/1). 
The increase in alkalinity demands an additional carbon source. In spite of the availability 
of organic material in the sediments (TOC varies ffom 0.02% to 0.5%, mean value is 
0.1%), the in situ C 0 2 production through oxidation is limited by the availability of 
oxidizing agents. However, an anaerobic, microbially mediated disproportioning of 
organic matter may result in C 0 2 (BRONS et al., 1991). Both the transformation of organic 
matter and the mixing of recharge water with older formation water may be the processes 
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• Group A River Körös 
Fig. 4. Location o f the groundwaters characterized by different water quality 
a) separaion on the basis o f major elements b) separaion on the hasis o f minor and trace elements 
which resulted in the increase in alkalinity. This sodium-bicarbonate type water is located 
in the discharge area of the water flow system (ERDÉLYI, 1979). 
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Changes of sodium concentration from west to east and from south to north are given 
in Fig. 5. and Fig. 6. In the River Körös basin neither piezometric contours nor water 
chemistry show infiltration. On the basis of the piezometric contours it is a discharge area. 
In the River Maros alluvial fan sodium concentration is increasing from south to north, and 
this increase corresponds to the water flow direction. In the River Danube deposits the 
increase in Na concentration indicate a west-east flow direction. 
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Fig. 5. Changes of Na concentration with the S-N geographical coordinatcs. (Black diamond: Group A, sampies 
from the River Körös deposits. Black square: Group B, sampies from the River Maros area. Open symbols: 
Group C, sampies from the River Danube deposits; circle: recharge area, diamond: transitional area, square: 
discharge area.) 
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Fig. 6 Changes of Na concentration with the W-E geographical coordinates. (Black diamond: Group A, 
sampies from the River Körös deposits. Black square: Group B, sampies from the River Maros area. Open 
symbols: Group C, sampies from the River Danube deposits; circle: recharge area, diamond: transitional area, 
square: discharge area.) 
MINOR AND TRACE ELEMENTS 
In 109 sampies minor and trace element concentrations were determined, as well. Cluster 
analysis based on the concentrations of nine minor and trace elements resulted in six main 
groups which are shown in Fig.4./b. Mean values and standard deviations of the minor and 
trace elements in these groups are summarized in Table 2. Four of the six groups 
correspond to the geological regions: Group 1, Group 2 and Group 3 to the River Danube 
deposits, Group 4 to the River Körös Basin. Trace element analysis are not available ffom 
the River Maros alluvial fan. Location of Group 1, Group 2 and Group 3 in the River 
Danube deposits correspond to the location of the Ca-Mg bicarbonate, transitional and Na 
bicarbonate water type, i.e. the recharge and discharge areas. Group 5 and Group 6 are 
located in the River Körös basin and in the discharge area of the River Danube water flow 
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system. Group 5 consists of sampies with the highest arsenic content, and in the River 
Körös sediments it corresponds to the deepest sampies ffom about 350 m depth. Group 6 
consists of sampies with the highest Al concentrations. Based on the similar distribution of 
groups separated by main and trace elements it is supposed that processes controlling the 
main and trace element contents are similar. 
In the River Danube deposits, where the changes in the concentration of the major 
elements indicate a west-east water flow direction, from west to east the COD, Si and Fe 
desrease together with Ca and Mg, while Na, As and Li increase. Group 1 belongs to the 
recharge area, Group 2 and 3 to the discharge area of the same groundwater flow system. 
Sampies of Group 4 locating in the River Körös basin belong to a separated water flow 
system with higher TDS than Group 1, Group 2 and Group 3. The water sampies 
belonging to Group 4 come ffom shallower depth and contain trace elements in higher 
concentrations (except for Li) than Group 5. 
Alkalinity, pH, COD, Na, Mg, Ca, minor and trace metál concentrations were used to 
perform principal component analysis. Altough the frequency distribution of the variables 
were not normál we used data without any transformation. Principal components were 
identified as hydrogeological processes responsible for the major, minor and trace element 
distribution of the groundwater in the study area. Results of the principal component 
analysis are summarized in Table 3. In the first factor Ca, Mg, Sr can be found with the 
highest values. It is generally known that Ca, Mg content of groundwater is controlled by 
cation exchange and reversible dissolution reactions of carbonate minerals influenced by 
H+ concentration of the system. Decomposition of organic matters yields the C 0 2 , which 
provides the necessery protons for the dissolution. Sr displays a positive correlation with 
Ca and Mg. Considering that Ca is often substituated by Sr in calcite and dolomité lattice, 
dissolution of carbonate minerals and ion exchange are thought to be the source of Sr. 
This factor was identified as dissolution of carbonate minerals and cation exchange 
processes. 
The second factor is containing the Na, alkalinity, Ba, Li, COD, with the highest 
values. Feldspar dissolution and ion exchange on clay minerals are considered to be the 
main source of Na+. Na does not show correlation with Ca and Mg (Table 3.), which 
suggests that albit dissolution is the main process supplying the Na in the study area. 
NaAlSijOg + H+ = HAlSijOg + Na+ 
The necessery H+ is supplied by the reaction of C 0 2 origined by organic matter 
decomposition and water. In the aluminosilicate lattice Ba repleaces K, Li substitutes Na. 
The correlation between Li and Na suggests that similarly to Na, the Ba and Li content of 
groundwater is primarly determined by dissolution of feldspar. 
The third factor influences not only the As content of water but alsó Fe and COD. In 
sediments and in groundwater arsenic content is controlled by redox and adsorption 
processes. Solubility of Fe in sediments is determined by pH and oxidation-reduction 
(SAKATA 1985). Fe ox ides can a d s o r b As on its su r face (TAKAMATSU et al. 1985, 
NEWMAN et al. 1985). Oxidative degradation of organic matter is carried out with 0 2 , 
NOj'. Mn0 2 , Fe 2 0 3 és S042" in consecutive steps (FROEHLICH et al. 1979). Quantity of the 
burried organic matters can be brought in connection with the velocity of sedimentation 
(WILSON 1985). At higher velocity of sedimentation the oxigén is comsumed by organic 
matters and N03", Mn0 2 , Fe 20 3 és S042" become oxidising substances. Fe is reduced and 
ferrous iron goes into solution which results mobilisation of arsenic. According to this 
above, this factor was connected with oxidation and reduction. 
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Results of the principal component analysis (X is Eigenvalue). 
T A B L E 3 
factors I. 11. III. IV. 
Alkalinity -0 .333 0.731 0 .308 -0 .166 
pH -0 .726 0.121 0 .095 0 .023 
C O D -0 .043 0.671 0.491 -0 .003 
Na -0 .418 0 .760 -0 .096 -0 .196 
Ca 0 .952 0 .023 0 .037 0 .039 
Mg 0 .940 0 .054 -0 .104 0 .013 
As 0.051 0 .242 0 .719 -0 .059 
Fe 0 .508 0.305 0 .533 -0 .073 
Zn 0.087 0 .173 0 .337 0 .657 
Mn 0.481 0 .029 0 .422 -0 .103 
Ba 0 .409 0 .702 -0 .395 0 .053 
Li -0 .218 0 .695 -0 .414 0 .035 
Sr 0 .854 0 .234 -0 .135 -0 .025 
Si 0 .172 0 .506 -0 .597 0 .213 
Al -0 .245 0 .043 0 .140 0 . 6 7 9 
X 4 .142 3 .055 2 .180 1.031 
x% 38.2 28 .2 20.1 9 .5 
Al and Zn show the highest value in the fourth factor. Al may go into solution by 
weathering of silicates. Solubility of Al species depends on pH. Alumínium is insoluble at 
neutral pH, that it precipitates ffom the solution as gibbsite or other minerals. This factor, 
which influences the Al and Zn content of ground water in the similar way, was considered 
as a process of formation secondary minerals. Zn concentration of waters is influenced by 
adsorption on the surface of Al oxides. The pH of the system effects both the solubility of 
alumínium oxides and the adsorption on its surface. Factors influencing the pH alsó 
modify the concentration of Al and Zn in groundwater ( C O S T O N et al., 1995). 
CONCLUSIONS 
1. The whole study area can be divided into three main parts on the basis of major com-
ponents dissolved in water. The separation based on the distribution of minor and trace 
elements resulted in very similar location of groups. This separation corresponds to geo-
logical units established earlier: the River Körös Basin, the River Maros alluvial fan, and the 
River Danube deposits. Water quality is different in the three areas. 
2. In the River Körös basin where the potentiometric surface does not indicate infiltration 
or lateral water flow, the chromatographic pattern of ion exchange cannot be pointed out. 
Groundwater chemistry suggests restricted water movements. 
3. In the River Maros alluvial fan the changes in the concentration of Ca, Mg and Na cor-
respond to a chromatographic pattern, indicating a SSE-NNW water flow direction. 
4. In the River Danube deposits, water chemistry supports that the groundwater flow 
direction, in accordance with the potentiometric surface, is from west to east. Both 
recharge and discharge areas were identified. Recharge area is characterized by Ca-Mg 
bicarbonate water type, discharge area by Na bicarbonate water type. Between these two 
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types of groundwater there is a transitional water type, where the changes in the 
concentrations of chemical components are the highest. 
6. Four geochemical processes were identified by principal component analysis which 
influence minor and trace element content in groundwater of the study area. The four 
processes are as follows: calcite and dolomité dissolution together with cation exchange, 
weathering of aluminosilicate minerals, reduction-oxidation processes, and formation of 
secondary minerals. Sr is primary controlled by calcite and dolomité dissolution and ion 
exchange on clay minerals. Ba and Li content is determined by aluminosilicate weathering. 
Distribution of As and Fe is influenced by oxidation and reduction, while the 
concentrations of A1 and Zn are the result of the formation of secondary minerals. 
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